SYNOPSIS During a two-year period (1966 to 1968) 70 Serious complications were present in 13 episodes of bacteraemia, and these were peritonitis before transplantation, necrosis of the donor ureter, and severe rejection or polar infarction in the donor kidney after transplantation.
Antibiotic treatment was successful in 640% of cases but the cure rate was higher (86 %) before transplantation than after transplantation (55 %). Although the presence of complications did not affect the cure rate in Gram-positive bacteraemia, the cure rate in complicated Gram-negative bacteraemias was poor and associated with a mortality of over 70%.
Patients receiving human cadaveric renal transplants are susceptible to all kinds of bacterial infection including bacteraemia, and the results of antibiotic treatment are dependent on both the nature of the infecting organism and the presence of serious underlying complications.
The incidence of bacteraemia both due to Grampositive and Gram-negative bacteria has increased over the last 15 years (Finland, Jones, and Barnes, 1959; Watt and Okubadejo, 1967; Murdoch, Spiers, and Pullen, 1968) and there has been a change in the relative incidence of infecting organisms (Finland etal, 1959) .
The great majority of patients with bacteraemia have severe underlying disease or have undergone surgical procedures, and high incidences of bacteraemia have been described following urinary tract surgery or instrumentation, in severe skin infections and burns, and in patients with impaired body defence mechanisms as seen with malignancy, blood describe the incidence of bacterial infection following renal transplantation but few report the incidence of bacteraemia. Kelly, Lillehei, Aust, Varco, Leonard, Griffin, Markland, Herdman, Vernier, Michael, and Levitt (1967) , however, report an incidence of 42% in patients receiving cadaveric renal transplants and MacLean, Dossetor, Gault, Oliver, Inglis, and MacKinnon (1965) found that septicaemia was a direct cause of death in four out of eight patients who died following renal transplantation.
Patients and Methods
Patients admitted to the Renal Unit were in the terminal stages of chronic renal failure with a creatinine clearance of less than 2 ml per minute. The patients were maintained by peritoneal dialysis until a cadaver kidney became available. Details of the dialysis procedure have already been fully described (Cohen and Percival, 1968; Leigh, 1969) .
The patients were examined bacteriologically according to a strict daily routine. Specimens of peritoneal dialysis effluent fluid before transplantation and specimens of urine after transplantation were examined daily. Swabs from the nose, throat, and vagina and faeces were examined once a week, and a swab from the skin around the dialysis catheter was examined twice a week. Blood cultures were routinely taken every day for four days following transplantation and at any time when clinically indicated.
All organisms causing infection and those of epidemiological importance were accurately identified by routine laboratory procedures, including serotyping, phage typing, and pyocine typing. The antibiotic sensitivities of infecting organisms isolated from cases of bacteraemia were initially determined using the impregnated disc technique and later by a tube dilution method.
Antibiotic treatment was always given systemically, in many cases by continuous intravenous infusion, and the dose was regulated by estimation of the blood levels. In some cases two antibiotics were given and in the majority of these a synergistic effect against the infecting organism had been proved by laboratory tests.
After transplantation all patients were given large doses of immunosuppressive therapy (Imuran and prednisone). In the first year of the study only, small doses were also given before transplantation.
Because of the difficulties of clinical diagnosis, bacteraemia was only judged to be present when bacteria were isolated from a blood culture. A cure was defined as a clinical response to treatment associated with eradication of bacteria from the D. A. Leigh blood stream. In many cases, however, the causative organism persisted in the primary focus of infection.
Results
Between October 1966 and October 1968 70 patients were admitted to the Renal Transplantation Unit and 45 of these subsequently received cadaver kidneys. Twenty-two (31 %) patients developed 25 episodes of bacteraemia, three patients having two episodes. Seven episodes of bacteraemia occurred before transplantation and 18 after transplantation.
The incidence of bacteraemia before transplantation was 10% and after transplantation 40%. Gramnegative bacteraemia was almost three times as common as Gram-positive bacteraemia both before and after transplantation (Table I) 
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Discussion
The clinical importance of bacteraemia has increased over the last two decades, and Finland et al (1959) have shown the change in the ratio between Gram-negative and Gram-positive infections. Later writers have confirmed these initial findings (McCabe and Jackson, 1962; Watt and Okubadejo, 1967; Murdoch et al, 1969) . Bacteraemia commonly occurs in patients with severe underlying abnormalities or disease, especially those receiving steroid, immunosuppressive, or cytotoxic therapy. Patients receiving organ transplants might be expected to be at great risk, and Kelly et al (1967) have reported that bacteraemia occurred in 39% of patients receiving renal transplants from live donors and in 42 % of those receiving cadaveric kidneys. Hill, Dahrling, Starzl, and Rifkind (1967) found that infection was a direct cause of death iiu 86 % of patients who died following renal transplantation but the incidence of bacteraemia was not given. MacLean et al (1965) earlier had reported that septicaemia was a direct cause of death in four of eight renal transplant patients who died. These patients receive high doses of immunosuppressive therapy and steroids and it has been reported that the administration of steroids is an important causative factor in the development of infections (Hill et al, 1967) .
In this study of 70 patients in a renal transplantation unit, 22 patients developed episodes of bacteraemia. Bacteraemia due to both Gram-positive and Gram-negative organisms was more common after transplantation than before and this is undoubtedly related to immunosuppressive therapy and the greater incidence of serious abnormalities following transplantation.
The most common infecting organism was Ps. aeruginosa, and it was almost invariably isolated from bacteraemic patients with underlying abnormalities. In this study seven of the eight patients with complicated Ps. aeruginosa bacteraemia died. Esch. coli, probably the commonest infecting organism in all cases of bacteraemia, was isolated in six cases but none of these was associated with abnormalities and usually occurred many months after transplantation. Although this organism was not associated with severe renal disease, as the renal function of the graft was usually good, urinary tract infection, however, was frequently present and was the source of the bacteraemia.
Staph. aureus was seen in five cases and was usually secondary to minor staphylococcal infections such as postoperative wound infections elsewhere.
The complications found were in general those related to dialysis, such as peritonitis, and to renal transplantation, such as necrosis of the donor ureter and severe rejection of the kidney. In two cases the upper pole of the donor kidney had become infected following failure to find a small accessory artery and this area had subsequently become infected.
In a group of patients where a strict daily bacteriological survey is carried out the infecting organism in patients with bacteraemia can often be predicted. A likely source of the infecting bacteria was found in 80 % of the cases of bacteraemia and in over 50 % this was the urinary tract.
The success of antibiotic therapy in patients with bacteraemia depends on prescribing an effective bactericidal antibiotic at a high concentration as early as possible in the course of the infection. In this study it was usually possible to predict the causative organism and the accessibility of the primary focus of infection to the antibiotic and to prescribe the most appropriate antibiotic. Treatment, however, was always controlled by accurate assessment of the sensitivity of the organism to the prescribed antibiotic and the determination of blood levels. Where two antibiotics were given synergistic activity was always looked for. The initial treatment was usually with either gentamicin (40-80 mg intramuscularly every eight hours), carbenicillin (intravenous infusion of 15-20 g/day or intramuscularly 2 g six hourly), or a combination of the two for Gram-negative bacilli and with cephaloridine or cloxacillin for Grampositive cocci. The results of treatment were found to depend first on the presence of serious underlying abnormalities and second on the infecting organism. In simple infections the cure rate in both Gramnegative and Gram-positive bacteraemias was very high but in complicated infections the cure rate with Gram-negative bacilli was poor although a good cure rate was seen with Gram-positive organisms. This poor cure rate was due mainly to the high failure rate in bacteraemia due to Ps. aeruginosa (Table IV) .
In this study the clinical presentation of bacteraemia was only typical in 32% of cases, and shock as defined by Weil and Shubin (1967) 
